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Abstract

In this studytwo globalobservationalprecipitationproducts,namelytheGlobal

Precipitation Climatology Project's (GPCP)community data set and CPC's Merged

Analysis of Precipitation (CMAP), are compared on global to regional scales in the

context of the different satellite and gauge data inputs and merger techniques. The

average annual global precipitation rates, calculated from data common in regions/times

to both GPCP and CMAP, are similar for the two. However, CMAP is larger than

GPCP in the tropics because: (1) CMAP values in the tropics are adjusted month-by-

month to atoll gauge data in the West Pacific, which are greater than any satellite

observations used; and (2) CMAP is produced from a linear combination of data inputs,

which tends to give higher values than the microwave emission estimates alone to which

the inputs are adjusted in the GPCP merger over the ocean. The CMAP month-to-month

adjustment to the atolls also appears to introduce temporal variations throughout the

tropics which are not detected by satellite-only products.

On the other hand, GPCP is larger than CMAP in the high-latitude oceans, where

CMAP includes the scattering based microwave estimates which are consistently smaller

than the emission estimates used in both techniques. Also, in the polar regions GPCP

transitions from the emission microwave estimates to the larger TOVS-based estimates.

Finally, in high-latitude land areas GPCP can be significantly larger than CMAP

because GPCP attempts to correct the gauge estimates for errors due to wind loss

effects.



1. Introduction

One of the goals of the World Climate ResearchProgramis monthly global

precipitationdatasetsfor theanalysisof climatic variability andthevalidationof climate

models. The GlobalPrecipitationClimatologyProject(GPCP)wasestablishedin 1986

to addresstheseissues. GPCPhas releaseda community satellite-gaugecombined

precipitationdataset(Huffmanet al. 1997)for theperiodJuly 1987throughthepresent,

andhasextendedthat datasetbackto 1979in anexperimentalversion. A seconddata

set,CPC's mergedanalysisof precipitation(CMAP) (Xie and Arkin 1997),hasalso

becomeavailable. CMAP also extendsback to 1979. Xie and Arkin (1997) briefly

comparedGPCPwith their observation-onlyversionof CMAP andshowedsignificant

differences over both the tropical and the extratropical oceans.Differences over

extratropicallandareattributedto thegaugecorrectionusedby Huffmanet al. (1997)to

accountfor systematicerrorsdueto aerodynamiceffectson thegaugeestimates.This

correctionproduceshigherprecipitationratesin regionsof snowfall andstrongwinds in

theGPCPanalyses.

This study advancesthe comparison initiated by Xie and Arkin (1997) by

diagnosing the data sourcesand merger techniquesthat are most important to the

differencesin precipitation,especiallyoveroceanregions. Fortheten-yearperiod 1988-

97, the observation-onlyversionof CMAP (CMAP/O) is comparedwith a preliminary

globally complete version of GPCP, which incorporates the inputs described by

Huffman et al. (1997) plus estimatesderived from the TIROS (Television Infrared



ObservationSatellite)OperationalVerticalSounder(TOVS;Susskindet ai. 1997)in the

extratropics.

2. Data

This sectionprovidesa brief descriptionof the datasourcesusedin the GPCP

andCMAP mergersdetailedin Huffmanet al. (1997)andXie and Arkin (1997). Both

datasetsadjustto theGlobalPrecipitationClimatologyCenter's(GPCC)gaugeanalysis

over land (Rudolf et al. 1994),using similar techniques. Huffman et al. (1997) also

correct thegaugedatafor gaugeaerodynamiceffects(Sevruk 1989)usingthe Legates

and Willmott (1990) climatological corrections. Both datasetsinclude the infrared-

basedGPI (Arkin andMeisner 1987)and scattering(Grody 1991;Ferraroet al. 1994)

andemission(Wilheit et al. 1991) estimatesfrom theSpecialSensorMicrowave/Imager

(SSM/I).

Xie andArkin (1997)combinethescatteringandemissionestimatesfor all data

blocks while GPCPchoseto usethe scatteringestimatealoneover land, the emission

estimatesaloneoverocean,andacombinationin coastalareas(Huffmanet al. 1997). In

this studyprecipitationestimatesweredefinedas"oceandata" if the surfaceof the 2.5

degreegrid block wasgreaterthan75% water;otherwisetheywerecategorizedas"land

data", _hich is close but not identical to the GPCP land/oceanseparation. Two

additionaldatasourcesin theCMAP merger,theOLR-basedPrecipitationIndex (OPI;

Xie and Arkin 1998)andthe MicrowaveSoundingUnit (MSU) (Spencer1993),allow

for the extensionof the record back to 1979. The OPI is basedon relationsof OLR

monthlyanomalieswith pre-OPICMAP analyseswhich includegaugedata. TheGPCP
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andCMAP mergertechniquesaredescribedin Huffmanet al. (1997)andXie andArkin

(1997)andabrief summaryregardingoceandatasufficeshere. For CMAP, thesatellite

estimatesarecombinedlinearly throughthe maximumlikelihood estimationmethod.

Bias is removedin thetropicson amonth-to-monthbasis by comparisonwith monthly

atoll gaugeobservationsin the West Pacific and by subjectiveextrapolation of the

adjustmentinto the extratropics(Xie andArkin 1997). The atoll adjustmentprocess

producesa meanincreaseof 9% in thedeeptropics.

For GPCP,themicrowaveestimatesareapproximatelytime- andspace-matched

with geo-IR observationsto derivea monthly microwave/IRcalibration ratio for each

grid box. Thesearethenappliedto thefull setof GPI estimatesfrom 40° N to 40° S,

producing a precipitation field which has the sampling of the IR data and the bias of the

microwave estimates (Huffman et al. 1997). This estimate is supplemented with SSM/I

poleward of 40 °, then combined with gauge over land using inverse-variance weighting

(Huffman et al. 1997).

Further development work in GPCP has led to a technique to merge TOVS-based

estimates (Susskind et al. 1997), adjusted to the GPCP existing fields, into the GPCP

combination scheme for the purpose of filling in missing and uncertain data in the high

latitudes. The TOVS-based precipitation estimates are a function of retrieved cloud-top

pressure, cloud fraction and water vapor. The TOVS sounding retrieval process uses a

first guess based on a general circulation model so there is a potential model influence

on retrieved water vapor, and therefore estimated precipitation at high latitudes.

However, the model first guess influence is very weak (Susskind, personal



communication), but studies are underway to quantify the model impact on the

precipitationestimates.

Finally, a versionof CMAP (hereafterCMAP*) and GPCP(hereafterGPCP*)

before mergerwith gaugeinformationover land (GPCP)and before the merger with

gaugesandadjustmentbasedonatoll gaugedata(CMAP) arealsousedin this study.

Essentiallythesetwo additionalproductsare"satellite-only"products.

3. Climatologies

The 1988-97climatologiesof GPCPandCMAP derivedprecipitationareshown

in Fig. 1, along with the climatologies of Legatesand Willmott (1990) and Jaeger

(1976). In all fields tropical convectionfeaturessuchasthe IntertropicaiConvergence

Zone (ITCZ) and South Pacific ConvergenceZone (SPCZ) stand out. Overall,

precipitationratesassociatedwith thesesystemsarehigher for CMAP thanGPCP,and

thelocationsof thepeaksaredifferent for thetwo datasets.Therainiestpoint on Earth

in the GPCPanalysis(9.8 ram/day)is over Borneoat 115° E longitude, while in the

CMAP analysisthehighestclimatologicalvalue(11.4 ram/day)is in theSPCZat 5° S

and 160° E. GPCP'smaximumprecipitationrate in thePacific ITCZ (9.6 mm day-_)is

found in theeasternhalf (Fig. l a),whileCMAP peaks(10.8mm day-_)furtherwest (Fig.

lb).

The Legates and Willmott climatology has an eastern Pacific Ocean maximum

that is inconsistent with both the GPCP and CMAP maps (Fig. l a,b). The Jaeger

climatology generally agrees with the CMAP and GPCP analyses in the tropics,
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although the ITCZ is less continuous across the Pacific ocean, somewhat weaker and a

little broader (Fig. l d).

The extratropical storm tracks extend eastward over a larger area of the North

Pacific and Atlantic in GPCP (Fig. l a) with significantly higher values above 50°N. In

the Southern Hemisphere mid-latitudes both analyses show the maxima off the southeast

coast of Africa, in the middle of the South Pacific Ocean and off the east coast of South

America. The GPCP analysis also has a nearly separate zonal maximum at 55-60°S,

similar to the feature in the Jaeger climatology. Both the satellite and conventional

(ship) estimates are poor in this area and the existence, shape or strength of this feature

is open to question.

The annual cycles of mean precipitation are similar for GPCP and CMAP (see

Fig. 15 in Xie and Arkin 1997) and are not discussed here for brevity.

The zonal averages of the CMAP and GPCP estimates, as well as the long-term

ctimatologies of Legates and Willmott (1990) and Jaeger (1976), are shown in Fig. 2,

both globally, and ocean only. Precipitation rates are highest in the tropics with a peak

between 10 ° N and the Equator associated with the average position of the ITCZ in the

Atlantic and Pacific basins (Fig. 1). Extratropical precipitation is greatest between 40

and 60 o latitude in the region of the storm tracks (Figs. 1,2). CMAP is larger than

GPCP in the tropics, while GPCP exceeds CMAP in the mid- to high-latitudes. The

Legates-Willmott climatology is significantly higher than the CMAP estimates in the

tropics and comparable to GPCP in the extratropics (Fig. 2). The L-W zonal mean is

suspect in the tropics due to the anomalous feature in the Pacific Ocean (Fig. l d;

Janowiak et al. 1995). The Jaeger climatology shows a broader peak in Fig. 2a from 10 °
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N to the Equator than the other precipitation data sets. The Jaeger precipitation rates are

comparable to CMAP in the Northern Hemisphere and GPCP in the Southern

Hemisphere (Fig. 2a).

The ocean profile (Fig. 2b) is mostly different from the combined profile in the

mid-latitude Northern Hemisphere. North of 45°there is a greater separation among

estimates, with the order from lowest to highest estimate being: CMAP, Jaeger, Legates-

Willmott, and GPCP (Fig. 2b). The tropical peak differences also become larger when

only ocean is considered, with the range increasing to 3 mm/day. The GPCP profile

clearly shows a double peak in the Southern Hemisphere mid-latitudes.

In summary, the zonal averages of the four climatologies vary somewhat in

magnitude but have similar profiles. One exception is in the Southern Hemisphere

where GPCP, Legates-Willmott, and Jaeger all have a broad peak of precipitation from

40 ° to 60 ° S and CMAP has a narrower peak between 30 ° and 40 ° S (Fig. 2). Reasons

for this difference between CMAP and GPCP in the south extratropical oceans will be

explored in the next section.

Table 1 quantifies the differences between GPCP, CMAP and the long-term

climatologies of Legates-Willmott and Jaeger shown in Figs. 1 and 2. The globally

averaged precipitation rates for ocean, land, and all data blocks are about the same for

GPCP, CMAP, and Jaeger, while Legates-Willmott is higher. In the tropics the Legates-

Willmott climatology is highest and the Jaeger climatology is in the range of the GPCP

and CMAP estimates. In the mid-latitudes the Legates-Willmott climatology is
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comparableto GPCPwhile the Jaegerclimatologyfalls betweenthe GPCPandCMAP

estimates.

The field of GPCP- CMAP difference(Fig. 3, ref. Fig. 1) is negativeover the

Indian,WestPacific,andfar EastPacificOceanswhilepositivedifferencescovermuch

of the high-latitudeoceans.The differencesin the monthly climatologies(not shown)

aresimilar to Fig. 3. Thelargestdifferencesarecoincidentwith thehighestprecipitation

rates. Thus,thehigh latitudewinter hemisphereandtropical summerhemispherehave

thelargestdifferences.

Someartifactsin thedatasetsarenoted. Fig. la (GPCP)showsan isolatedblock

of high rain ratesoff the northeastcoastof Japanandananomaloustongueof high rain

ratesin theNorth Atlantic stormtrackjust to theeastof Newfoundland. Theseshow as

reddotsin thedifferencemap(Fig. 3). CMAP hasanomalouslyhigh precipitationrates

over the Tibetan plateau (Fig. l b). These artifacts may result from surface ice

contaminationin the mergertechniques,asthey areapparentonly in the borealwinter

season.

Fig. 4 showsprecipitationclimatologiesbeforethe mergerof any surfacedata

(GPCP*and CMAP*). Over oceans,thedifferencemap(Fig. 4c) is similar to Fig. 3.

However, in the tropics the differencesare less pronounced. The eastern vs. western

Pacific Ocean differences due to the satellite input are now clearer. In the western

Pacific CMAP is still significantly higher than GPCP. However, in the eastern Pacific

GPCP is somewhat higher in the regions of high precipitation with lower values than

CMAP in surrounding areas. In the Atlantic Ocean ITCZ GPCP generally has the

higher values. Focusing on the land, GPCP* is higher than CMAP* over Africa and
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South America, while CMAP* is larger than GPCP* over most of the Maritime

Continent. Thedifferencesover landaresmallerin themid-latitudes.

4. Differenceevaluation

In this sectiondatasetsusedin themergersareanalyzedto uncoverreasonsfor

the regional variations betweenGPCPand CMAP (Figs. 3, 4c). The areasused for

comparisonareshownin Fig. 3.

In the mid- to high-latitudes(outside40° latitude) CMAP is producedfrom a

linearcombinationof SSM/I, OPI, andMSU. OverextratropicaloceansGPCPmerges

TOVS with the lowermicrowaveemissionestimates,startingat40° latitude,andadjusts

thoseestimatesto the gaugeclimatology nearthe poles. The result is a significant

differencebetweenthetwo analysesovermid- to high latitudeoceans(Fig. 3 andFig.

2). This difference is due to a combination of reasonsinvolving the microwave

techniques used and the inclusion of the TOVS-basedestimates adjusted to the

microwaveestimatesat 40° latitudeandto the landgaugeclimatology at high latitudes

with a linear interpolationof theadjustmentsatlatitudesin between.

Table2 showsclimatologicalestimatesof the input datafor casestudyregionsin

thehigh-latitudesalongwith theCMAP andGPCPtotals for that region. In theregions

showntheGPCPto CMAP ratio varies,but is oftenabove1.5. TOVS, usedexclusively

by GPCP,gives the largestestimateswhile SSM/I scattering,exclusively used by

CMAP, gives the lowest. Anotherdata input to CMAP, OPI (not shown),tendsto be
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low comparedto LegatesandWillmott (1990)andJaeger(1976)(Xie andArkin, 1998).

Sincegood validation is lackingover the ocean,which analysisis correct is open to

question. The GPCPis closerto the two long-term climatologiesandperhapsbetter

correspondsto the frequencyof precipitation climatology of Petty (1995) in high

latitudeswhich showsarelativelyslow decreasein precipitationfrequencypolewardof

theprecipitationmaximum.

Positivedifferencesareevidentover landregions,especiallyeasternRussiaand

the maritime continentof Indonesia(Fig. 3), consistentwith the findings of Xie and

Arkin (1997). The main reasonfor thesedifferencesis that the GPCPgaugedata is

adjustedto accountfor climatologicalwind losseffectswhile CMAP datais not. This

difference is greatestin the caseof snow, therefore the effect is largest over high

latitudes.

Overall CMAP is higher thanGPCPover the tropical oceans(Fig. 3). When

CMAP* (i.e., without atoll adjustment)is considered,thedifferenceis smalleror even

reverses.The GPCPsatellite-onlyproductis identical to the final product over ocean

sinceno atoll dataor adjustmentsareused. Six regionsareanalyzedin Table 3. The

averageprecipitation ratesfor the microwaveand infrared data usedin the merger

techniquesareshown. For theWestPacificGPI givesthehighestclimatologicalvalue

of 8.75mm dayl. The SSM/I emissionvalue is 8.33mm day-_,and the scatteringand

MSU estimates,usedonly by CMAP products,arethe lowestat 7.46and7.21mm day-I

respectively.CMAP* is slightly larger than GPCP(6%). Adding the tropical ocean

adjustmentbasedonatoll gaugedataincreasestheCMAP* valueby 9%. For the SPCZ

GPI andSSM/I emissionestimatesarehigh, while the scatteringvalue is low. Overall,
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the relationship betweenGPCPand CMAP in the SPCZresemblesthat of the West

Pacific. In the Indian Oceanthe largeGPI valuesproducea large (> 10%)CMAP*-

GPCPdifference. The CMAP value increases by another 11% after the atoll-based

adjustment, producing a very significant 22% difference in the final products.

However, as we move from the western Pacific to the eastern Pacific and even

into the Atlantic Ocean the relation between the products changes. In the central Pacific

the various estimates converge as there is only a 1 mm day-1 difference between the

largest (SSM/I emission) and smallest (GPI) estimates. A mere 4% difference separates

the CMAP* and GPCP averages. The atoll adjustment to CMAP* makes the final

CMAP value 13% higher than GPCP.

In the East Pacific GPI gives the smallest precipitation rate (4.14 mm day -_) and

MSU gives the largest rate (8.36 mm day1). Here GPCP is over 0.5 mm day j greater

than the CMAP* value, reversing the pattern of product differences found in the western

Pacific and Indian Ocean. When the atoll adjustment is applied CMAP is increased to

approximately equal the GPCP value. Similar results are found in the ITCZ in the

Atlantic Ocean (see Table 3).

The GPI, which measures cloud top brightness, is high compared to the other

estimates in areas of deep convection, including the West Pacific and Indian Ocean for

most of the year. GPI is lowest when MSU is highest, as in the East Pacific where

stratiform clouds prevail over convective systems. Arkin et al. (1989) showed that OLR

is well correlated with GPI precipitation and in fact, precipitation rates derived from

OLR (Janowiak and Arkin 1991) have been used to fill in spatial gaps in the GPI
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(Huffman et al. 1995;Xie and Arkin 1996).An examinationof Table 3 suggeststhat

GPI and OPI are closely related in the tropics. The averageof SSM/I emissionand

scattering,GPI,andMSU wasfound to be lower thanthe CMAP satellite-onlyvalue in

theWestPacific, IndianOcean,andSPCZ,buthigherin theEastPacific, indicatingthat

OPI andGPIhaveaboutthesameimpacton theCMAP product.

Over equatorial Africa there is a large difference betweenthe satellite-only

products(Fig. 4), with the GPCP*estimatebeing9.06 mm dayj andCMAP* giving a

valueof 6.46mm day_. This is in contrastto thesimilar climatologiesof the satellite-

gaugemergers(Fig. 3 andTable 3). TheGPCP*estimateis driven by the microwave

scatteringestimatebeingusedto adjusttheGPI over land, while theCMAP* alsouses

OPIdataover landandOPI is adjustedto a baseproductwhich includesgaugedata(Xie

andArkin 1997).Both CMAP andGPCPadjustto thegaugesin thefinal merger.

5. Time variationsof tropicalprecipitation

When examining interannual variations of the geographic distribution of

precipitation, such as those relatedto ENSO, CMAP and GPCP show very similar

regional patterns. However, when thesevariations are integratedover the tropics,

differencesbetweenthetwo productsemerge.Fig. 5 showstime seriesplotsof CMAP,

CMAP*, andGPCPaveragedover thetropical (30° N to 30° S) oceans.Here "oceans"

refers to grid blocks with 100%oceansurface. Thus, the only difference between

CMAP* and CMAP would be attributedto the adjustmentappliedacrossthe tropical

oceansbasedon the WestPacific atoll data. Interestingly,during 1988-96GPCPand

CMAP* havesimilar magnitudes(3.0mm/dand3.1mm/d) andfollow eachotherfairly
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well, both on short-term variations and on longer-term variations with time scales of a

year or two. The general minima centered on late 1989 and late 1995 are simultaneous

with La Nina events and the higher values from 1990 through most of 1994 are during a

period of generally higher than average SSTs in the central and eastern Pacific Ocean

associated with E1 Nino-like precipitation conditions. CMAP (after the atoll adjustment)

is about 10% higher than CMAP* and does not clearly show the long-term variations.

The correlations among the products are given in Table 4. The last column

denotes the correlation when the products are integrated over the tropical ocean as in

Fig. 5. The two main products, GPCP and CMAP, are essentially uncorrelated with a

correlation coefficient of 0.24. However, the correlation between GPCP and CMAP*

(i.e., CMAP without the month-by-month atoll adjustment) is relatively high (0.75). The

correlation between the two CMAP products is surprisingly low (0.40). In addition, the

correlation coefficients between CMAP and the individual satellite estimates before and

after the atoll adjustment procedure drop from 0.83 to 0.32 (GPI) and 0.73 to 0.25

microwave emission).

When the products are examined on a regional scale, all three products are highly

mtercorrelated (Table 4). On a regional level the variations are dominated by the large

amplitude annual cycle and low frequency variations (ENSO). In fact, the highest

correlations are found in regions 3 and 4 (Table 4), which are dominated by strong

annual and semi-annual cycles respectively. However, when the fields are averaged

over the entire tropical ocean, most of the ENSO and seasonal signals are averaged out

and the relatively small amplitude signals remaining represent the time variations of

integrated, tropical oceanic rainfall. The magnitude of the variation of the atoll
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adjustment can be seen from examination of the ratio CMAP/CMAP* averaged over i 0 °

N to 10 ° S, which varies from 0.90 to 1.27. It thus appears that the atoll adjustment is

introducing variations to the final CMAP product that result in a drastic lowering of

correlations between it and either CMAP* (and its satellite inputs) and GPCP. In other

words this indicates that the two satellite-only products (GPCP and CMAP*) are in

better agreement on the month-to-month scale over the ocean than CMAP and CMAP*.

Since the magnitude of integrated precipitation is important for computing the strength

of the hydrologic cycle, this effect should be examined further.

6. Summary and conclusions

Global observations of precipitation are important for the validation of climate

models, understanding of the hydrological cycle, and investigation of extreme events,

such as ENSO. The objective of this study was to compare two recent global

precipitation products, the Global Precipitation Climatology Project (GPCP) community

data set (Huffman et al. 1997) and CPC's merged analysis of precipitation (CMAP) (Xie

and Arkin 1997) and understand the reasons for the differences.

The average annual global precipitation rates, calculated in areas common to

both GPCP and CMAP, are similar for the two. However differences are apparent

regionally, as CMAP is larger than GPCP in much of the tropics (by approximately

10%), especially over the waters surrounding the maritime continent. In contrast, in the

mid- to high-latitude oceans GPCP exceeds CMAP.
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Over the tropical oceansthe differences in the products are ascribed to the

different input estimatesand to the different methodsof removing bias in the two

techniques.CMAP in this regionis producedfrom alinearcombinationof datainputs,

and then the resulting combination is adjustedon a month-to-monthbasis to West

Pacificatoll gauges.TheGPCPproductusesmicrowaveemissionestimatesto calibrate

or adjusttheGPI IR estimatesand,therefore,hasmeanvaluescloseto the microwave

emissionestimates.ThegenerallylargerCMAP valuesover thetropical oceansaredue

to higher satellite inputs (e.g., GPI in the westernPacific and MSU in the eastern

Pacific)andtheatoll-basedadjustment,which is apositive9%adjustmentin themean.

Applying the atoll adjustmentto theentire tropicaloceanon a month-to-month

basisalsoaffects theCMAP interannualvariationof integratedtropical oceanrainfall.

The atoll adjustmentessentiallyeliminatesthe correlationbetweenCMAP and GPCP

for this parameter. CMAP does not reproducethe long-term variations in global,

tropicaloceantotalsassociatedwith ENSOthat areevidentin GPCPandthe individual

input satelliteproducts. This significantdifferencebetweenthetwo productsmayneed

furtherexamination.

Thedatasourcesusedin theprecipitationmergerscontributeto the differences

over the high-latitudeoceans. CMAP andGPCPboth useemission-basedmicrowave

estimates,whileCMAP includesthescatteringestimateswhich areconsistentlysmaller.

Also, in the high-latitudesGPCPtransitions from SSM/I to TOVS-basedestimates,

which areconsistentlyhigher. Thesetwo effectsleadto a higherestimatein theGPCP

product.
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Over land, both data sets adjust to the rain gauges in the final stagesof

production,which accountsfor generallygoodagreement,with GPCPgenerallyslightly

higher,becauseGPCPadjuststhegaugeestimatesupwardfor lossesdueto wind effects.

However,in somelandregions,in particularRussiaduringwinter,GPCPissignificantly

higher thanCMAP. This is becausethe adjustmentfactors are largestin high latitude

duringwinter to accountfor presumedunderestimatesof snow.

Observationsfrom theTropical Rainfall MeasurementMission (TRMM), which

includes infrared, passivemicrowave,and radar instruments,are now being used to

evaluatetheprecipitationestimatesin thetropics.
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TableCaptions:

Table t. Global,tropical, andextratropicalaveragesof precipitationratesin mm day-1

for GPCPand CMAP (1988-97)and long-termclimatologiesof Legates-Willmott and

Jaeger.Averagesarefor ocean,land,andall data.

Table 2. Regionalaveragesof extratropicalprecipitationratesin mm day1. Period is

1988to 1996for all productsexceptMSU, which is October1987to September1996.

SeeFig. 3 for location of boxes in the North Pacific, North Atlantic, SouthPacific,

SouthAtlantic, andSouthIndianOcean.At theselatitudesTOVS, andSSM/I emission

(e)estimatesareusedto produceGPCPoverocean.MSU andbothSSM/Iemissionand

scattering(s) estimatesareusedto produceCMAP overocean.

Table3. Regionalaveragesof tropicalprecipitationratesin mm day-_.Periodis 1988to

1996for all productsexceptMSU, which is October1987to September1996. SeeFig.

3 for locationof boxesin the Indian Ocean,WestPacific, SouthPacific Convergence
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Zone(SPCZ),CentralPacific,EastPacific,andAtlantic Oceans.At theselatitudesGPI

and SSM/I emission(e) estimatesareusedto produceGPCPover ocean. GPI, MSU,

andboth SSM/I emission(e) andscattering(s) estimatesareusedto produceCMAP*

overocean.CMAP includestheatoll adjustment.

Table4. CorrelationcoefficientsbetweenCMAP andCMAP*, CMAP andGPCP,and

CMAP* andGPCPoveroceanic(100%oceansurface)regionsin thetropics. R1 (30° N

- 30° S; 30° E - 120°E)representstheIndianOcean,R2 (30° N - 30° S; 120° E - 120°W)

the West-central Pacific, R3 (30 ° N - 30 ° S; 120 ° W - 60°W) the East Pacific and

Caribbean Sea, R4 (30 ° N - 30 ° S; 60 ° W - 30°E) the Atlantic, and R5 the global tropics.
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FigureCaptions:

Fig. 1. Precipitationclimatologiesin mm day-t for (a) GPCPand (b) CMAP during the

period 1988-97,andthelong-termclimatologiesof (c) Legates-Willmottand(d) Jaeger.

Fig. 2. Zonally-averagedprecipitationratesin mm day-I for GPCPand CMAP during

the period 1988-97,and the long-termclimatologiesof Legates-Willmott andJaeger.

(a)global (b) ocean.

Fig. 3. Differenceof GPCPminusCMAP precipitationclimatologiesin mm dayj.

Boxesrepresentareaswhereprecipitationaverageswerecomputedfor Tables2 and3.

Fig. 4. Precipitationclimatologiesin mm day_ derivedfrom satellitesonly. (a) GPCP*,

(b) CMAP*, and(c) GPCP*minusCMAP* for theperiod 1988-96.
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Fig. 5. 1988-96 time series of tropical precipitation averaged over grid blocks with

100% ocean surface. Units are in mm day -_. Dashed line is for CMAP, dotted line is for

GPCP, and solid line is for CMAP* (without atoll adjustment).
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Table 4. Correlation coefficients among three precipitation products for 4 tropical oceanic
regions and the global tropical oceans

R1 R2 R3 R4 R5

•-_MAP-CMAP* 0.89 0.82 0.98 0.94 0.40
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CMAP*-GPCP 0.90 0.92
0.97 0.90 0.75

/

_, _ _ ,5'

/



GPCP Precip (mrn/day) 1988--97 Climatology
!i_ - _ /i!_!_

3 6 9 12+

i

CMAP Precip (mmtday) 1988-97 Climatology 0 3 6 9 12+

i

Legates Precip (ram/day) Climatology

• !

3 6 9

E
12+

i

i

Jaeger Preclp (mm/day) Climatology 3 6 9 12+



8.0

7.0

-o 6.0
E
E 5.0

tv 4.0
t-
O
'_ 3.0

Q.
"_ 2.0

Q.
1.0

0.0
90 N

Zonal Mean Precipitation

1988-97 Climatology

' I ' I ' I

(a) OCEAN+LAND (b) OCEAN ONLY
' I ' I ' I I ' I

Legates-Willmott

Jaeger
CMAP

GPCP

70

, I , L , I _ I , I

50 30 10 10 30 50 70

8.0

90 S

7.0

6.0

5.0
E
E

_- 4.0
¢..
O
"= 3.0

O.
"_ 2.0

O.
1.0

0.0
9O N 7O

I , I , I , I , I

50 30 10 10 30 50 70
9U S



I

I

I

GPCPv2 minus CMAP-obs (mm/day]

! .......

<-3 -2 -1 0 2 >3

..... t ¸ _J



I

I

GPCP satellite (mm/day) 1988-96 Climatology

!

3 6 9 12+

mort

:_i i_i, ¸_ I _

CMAP satellite (mm/day) 1988-96 Climatology 3 6 9 12+

I

I

<-3 -2 -1 0 1

"111

Difference satellite-only (mm/day) 2 >3



0

\

LO

CO

(_ep/LULU)

o_0

' II
I

r

CO
Ob

LO

CO
Ob
C_

Ob
(3)

(33
Ob

0
Ob
Cb

Ob
O0
Ob

J

oo
, O0

0 _--

ai



_ o c5 _5

_ _ c_ c5

_ _ I_ ('-4

*

0 c5 --

.<
0_ o

U --



_0

O

O

a_

c-
O

im

mm

Cl
im

O

R..

O

c-
O
u)

im

Cl

E
O
O

G0
O

I

o_
O
O
T"

(D
(:7)

tO
(3)
O_
T"

_t
(3)
(3)
T"

O_
(3)
'I"="

Cd

(3)
T"

(3)
O_
T"

O
(3)
O_
T"

O_
00
(3")
'I"

cO
00
(3)


